
AD-753 497

THE METHOD OF CORRELATION EQUATIONS IN
THE EVALUATION OF STRUCTURAL STRENGTH
AND RELIABILITY

M. Ya. Shashin, et al

Foreign Technology Division
Wright-Patterson Air Force Base, Ohio

17 November 1972

I I l i eI I I _

•? • DISTRIBUTED BY. tit

SNatioal Technical I nnaton Serice
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151



LW FTD-HT-23-12','4-72

FOREIGN TECHNOLOGY DIVISION

THE METHOD OF CORRELATION EQUATIONS IN THE EVALUATIONj
OF STRUCTURAL STRENGTH AND RELIABILITY

by

M. Ya. Shashin, Yu. D. Zheleznyakov,
and S. L. Nanevich

I. ZI

L _ _ _



_UNCLASSIFIED
ancudt l a1sgficto

(5ocmity oaafestiseatt of title, -be& of u tu a"nU OWa elnd nd annotation mustb 60ntered wit" ft.* overall reowt Is C148811101)
I- OIGINTINGACTIITY Ce~p 10 8 ) 2. RELPORT 81ECURItY CLASSIFICATION

Forein tehnolgy_ ivison - UNCLASSIFIED-

___ 3. REPORT TITLE -

THE ME~THOD OF CORRELATION EQUATIONS IN THE EVALUATION OF STRUCTURAL
-STRENGTH AND RELIABILITY

4. 0zucmIPtIV9 WN-TES(7"@offspartaalnc~luie dotes)

Trans lation
9. AUTHORISI 4" aM~s, mlw initial, last Raw)

* ~Shashin, M.Ya.; Zheleznyakove Yu.D.; Manevich, S.L.]
6. REPORT DATE Ta. TOTAL NO. OF PAGES 7b. NO. oP REPS]

19 71 X

sn CONTIFIACT OR GRANT NO. 
On. ORIGINATOR'S R EPORT NUM UeRI11)

"0. 1OjacT N'o. 735106 FTD-HT-2 3-12 7ii-72

C.6. OTHER REIPORT NO(S) fAAV OWt nmibMf Gist maW 6* "adig"
IN& nowf)

SO.ViI1RIUTONSTATEMENT

Approved f'or public release; distribution unlimited.

I I SUPPLEMENTARY NOTES9 1-SONSORING MILITARY ACTIVITY

Foreign Technology Division

JWright-Patterson AFBs Ohio

SA great deal of1 experimental material (cyclic strength of
Chromansil steel, growth of' fatigue cracks In marine sheet
steel, the persistent strength of' polymethylmethacrylate)
is used to demonstrate the effectiveness of' the application
of' statistical processing on the basis of' a compilation of'

* correlation equations, the parameters of which become stable in
the case of the selection of ýý 20 samples in the selection,

which facilitates the deterrnIfation of' prediction reliabilitv.

NI
DD INOV Gel 473 j !NCLASSIA'ED

Security Classification



WICLASSI1FIE D--.

1"'Patigii "' ,*'fN£ buuo ~
SCroimnsilI Steel
Mechanical Streng~h
Metal Cracking
Rupture Strength
Steel Sheet
Statistic Analysis
P6lyrnethylmethacryjlate

I

UITCLASIFIES*wiyClsintio



I -

lu-Il- 2 3 -1274-72 I
_ t_

EDITED TRANSLATION
FTD-HT-23-1274-72

THE METHOD OF CORRELATION EQUATIONS IN THE EVAL-
UATION OF STRUCTURAL STRENGTH AND RELIABILITY

By: M. Ya. Shashin, Yu. D. Zheleznyakov, and
S. L. Manevich

English pages: 7

Source: Izvestiya Vysshikh Uchebnykh Zavedeniy.
Mashinostroyeniye, No. 5, 1971,
pp. 55-59.

Requester: ASD

Translated by: Charles T. Ostertag

FU

Approved for public release;
distribution unlimited.

THIS TRANSLATION IS A RENDITION OF THE ORIGI.
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENTi STATEMENTS OR THEORIES PREPARED BY:
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION DIVISION
OR OPINION OF THE FOREIGN TECHNOLOGY DI. FOREIGN TECHNOLOGY DIVISION
VISION. WP-AFB, OHIO.

i•FTDHT-�.23-1274-72 Date_17 Nov. 19 '2
FT-T Date



FTi

II

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYISTEM

Sblock Italic Transliteration Block Italic Transliteration

B6 S6 B, b CC CC S, sVa B V, pM T, t

E a Ye, ye; Ee* X X XI Kk

Z, 9 3 s , .z Ch, ch
H HM I, i II 1Um W Sh, sh

SY, y U-1/ Hi •J Shch, shch

M X M M, m b b b 't

H x H N ., n a 3 9 E e J0 la 0 O, o 10 1y y 0 YyU, u11

-ye initially, after vowels, and after ,b; e etseXh~re.

• N When written as 9 in Russian, transliterate Ws ylý or-•.•R! The use of diacritical marks it preferred, but such math.-
may be omitted when expediency dictates.

B 

--
K 

"

SFTD-HT-23-1274-72 -la

fl i Llbu-a ~
Mx M Mmb

Mx HH ~ n 39 95 E-



FOULWING ARE THE ..ORRPONDING RUSSIAN AND ENGLISH

DESIGNATIONS OF TIM TRIGOffO1e Ic FUNCTIONS

Russian English

Sin sin
Cos Cos I
tg tanctg cotsee see AdScosec efic

sh Binh
Ch cosh
th tanh
cth 0oth
Bob sech
each each

arc sin snll-,S~arec a•s o -

are tg
arc ctg cot-1-are sod see-1

arc -o10c csc-1

arc sh sine, .arc oh eosh-!
arc th tanhl-
arc cth cothe
arc sch eech-1
arc each cach- 1

rot curi
glog

PI

S. H-2-24-2'



*

THE METHOD OF CORRELATION EQUATIONS
IN THE EVALUATION OF STRUCTURAL

STRENGTH AND RELIABILITY

Doctor of Technical Sciences Prof.
M. Ya. Shashin, Candidate of Tech- -
nical Sciences Yu. D. Zheleznyakov, I
and Engineer S. L. Manevich

(Higher Aviation College of
Civil Aviation)

A great deal of experimental material

(cyclic strength of Chromansil steel, growth of
fatigue cracks in marine sheet steel, the per-
sistent strength of polymethylmethacrylate) is
used to demonstrate the effectiveness of the
application of statistical processing on the I
basis of a compilation of correlation equations,
the parameters of which become stable in the
case of the selection of >-20 samples in the
selection, which facilitates the determination
of prediction reliability.

Numerous test data show that the inclined branches on the
fatigue curves of metals and the curves of prolonged strength and
creep of polymers are straight lines in double logarithmic or in

semilogarithmic coordinates [i, 2). It has been established experi-
mentally that the dependence of the length of the fatigue crack on
durability in logarithmic coordinates for marine Sheet steel is
also linear on the very prolonged middle stage of development [3).

FTD-HT-23-1274-72 1



In all these cases during the determination of the predictonI
reliability the statistical processing of experimental data based
on the compilation of equations of regression is Very convenient

and effective [4]. The scattering of experimental data and the

determination of reliability in this case are evaluated with the

help of the degree of individual scattering SNr and the mean square

deviation of the index of slant Sm [4], The stated statistical

evaluations become stable when there are more than 16 test samples.

(1 , ., ,i ( ') m*%V (2),

4 T

.7 -0

Fig. 1. Results of testing the pulsating ex-
pansion of flat samples made from 30KhGSA steel
(18 samples selected from a total of 153).
KEY: (1) With a 99% probability of destruction;
(2) with a 50% probability of nondestruction;
(3) with a 10% probability of destruction; (4)
with a 95% probability of destruction; (5) with
a 90% probability of destruction.

Actually in Fig. 1 the results are given from the processing

of a selection of 18 pieces obtained during the testing of pulsating

expansion of 153 pieces of flat samples made from 30KhGS steel.

The lines of regression possess satisfactory convergence with the

logarithmically normal law of distribuition. To the left of the

straight lines with a nondestruction probability of 95 and 99%

FTD-HT-23-1274-7 2 2
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experimental points are absent. To the left of the straight line

for 90% the destruction of only two samples out of 18 takes placo.

Consequently the actual probability of nondestruction P2  1 -

- 2/19 0.90% coincided with the results of the proposed processing

of experimental data.

-I~ ~ M ~ I

Sc' ~(2) -

18 - - -11

( 7-

Fg2. omaioofhesaist:ical pro

19~
i IH

(4) il of tuK
i(4)

j 4 Ife3 4 $.C7gSo'
Fig. 2. Comparison of the statistical proc-
essing of the results of testing a selection of
18 samples (or, E, s M , vlm) with the results of
processing the entire aggregate AS.
KEY: (1) 90% probability of nondestruction;

=(2) 50% probability of nondestruction; (3) 10%
probability of nondestruction; (4f) 95% prob-
ability of nondestruction.

Figure 2 shows the results of the statistical processing of

another selection of the same volume. The straight lines WK- MH3

AE And Br are straight lines of regression of the selection for the

probabilities of nondestruction of 10, 50, 90, and 95% respectively.

Straight line AB is the line of regression for the entire aggregate

with a probability of nondestruction of 95%. The closeness of

straight lines AS and Br again confirms the possibility of the

reliable evaluation of scattering and, consequently, the reliability

FTD-HT-23-1274-72 3



based on the results of the methods shown above for the statistical

processing of a selection made up of 16-20 tests.

The analogous conclusion "is made during the Processing of the

results of tests of the pulsating torsion of samples and torsions

made from spring steel CS].

Regularities in the Growth of Fatigue
Cracks During the Alternating Sign

L Bending of Flat Samples

The durability of constructions and parts is a combination of

a number of cycles necessary for the origin and distribution of

fatigue cracks. At the present time there are still no reliable

methods for the indication of damage during the process of devel-

opment of submicroscopic cracks. However, after the appearance of

a visible macrOcrack it is possible to fix reliably any change in

its parameters during the process of cyclic loading. Tests showed

that the number of cycles from the moment of the emergence of a

visible fatigue crack and up to destruction comprises 88-95% of the

overall durability.

During the development of a fatigue crack 3 stages of growth

are observed. During the first stage an increase in rate with the

development of the crack is characteristic. In the second stage

the rate of growth is stabilized and remains constant in the range

of lengths of Ol5-0.60 from the width of the sample. This stage

of stable development of the crack is the longest and occupies

around 80% of the time from the moment of emergence of a visible

crack up to the destruction of the sample. In the third stage the

rate of growth increases rapidly, reaching values of one-two orders

higher than in the second stage. The duration of the first and
third stages is comparatively small and the magnitude of durability

depends mainly on the rate of growth in the second stage.

Consequently in this stage during the study of the dependence

= of length Z and rate of growth of the crack on the number of cycles

FTD-HT-23-1274-72



the method of compilation of correlation equations is the most

expedient. Figure 3 shows the graphs of probable lines of
regression 2 and 5 between the boundaries of confidence intervals

I and 3, 4 and 6 (conference reliability 80%).

4.5

too i , 7 U* I g

Fig. 3. Dependence of the length of a crack

Z on N (SKhLa-4, i- 40 kgf/mm2 d 2 30

kgfimm2 ) and the arrangement for the evalua-
tion of reliability: 2,-5 o- average lines
of regression (for a1 and 02);, 1, 3 4, 6

bouhdarie6 of confidence intervals; 7, 8

With the help of such graphs it is possible to evaluate reliash

bility or to determine the guaranteed probability that at a certainS .number of cycles the length Of A crack will not exceed A certain •'

i critical value (Fig. 3). The principle of the determination of a

guaranteed resource for various planned tasks, the selection of

permissible stresso is shown by points 7, 8. Point 7 characterizes

the magnitude of the guaranteed resource, corresponding to a high

probability that the logarithm for the length of the crack lg Z

will not exceed a permissible value at assigned rigid stress con-

ditions 01 > 02. Point 8 answers the guaranteed resource at milder

conditions 02. Straight line 2 is the line of regression charac-

terizing the growth of the crack at a,. Straight lines 1 and 3 are

the boundaries of the confidence interval, and straight line 5

characterizes the growth of the crack at 02 (boundaries of.

FTD-HT-23-i274-72 5



con•idence interval straight lines 4 and 6). The magnitude ofSconfidence intervals is proportional to the degrees of individual

scatterding.

A comparison of the results of statistical processing of
Sselections with a various number of experimental data again showed
that also in this case, just as during the study of the cyclic

strength of metals, the statistical evaluations of correlation

equations become stable at a number of samples n = 20. The confim j
denCe interVaiS differ little from the evaluations of Student, and

the gouping of experimental data corresponds to normal distri-
bution.

Method for the Determination of the
i! Parameters of -Cree- a-nd Prolonged
-Strength of Polymethylmethacrylate

Th e data from flight and natural bench tests of elements for
fitting aircraft With glass were used for determining the spectrum

6f loads under operational conditions and for developing a program
if static and repeated loading of samples under laboratory condi-

:tions. Fot various leVeis of loading in the case of statistical

processing L4] regression equations df the following type ge

obtained-

6-A+&,

where tE t/t t -- static durability at a given load), coefficient

B- statistical parameter, B rtS, S6 - mean square deviation of

relative defOrmation •f creep, St - mean square deviation of rela-

tive guaranteed resc ue based on static longevity, r - coefficient

of correlation.

"In the case of ruggedization of the guaranteed probability the

value of B is changed, which causes a change in the slant of the
-straight line of the upper boundary of the confidence interval

FTDo-HTý-23-127 4a-7 2 6



in comparison with the slant of the straight line which is the

j middle line of regression for The assigned stress.

The principle for the determination of the guaranteed resource

for various projected assignments (selection of the permissible

stress a) is analogous to that shown in Fig. 3. The magnitude of
confidence intervals is proportional to the degrees of individual

I scattering. For finding the guaranteed resource in the case of an

operational spectrum of loads the following type of correlation

dependences of prolonged strength are determined
I

v=C-Dlgt

in the case of static and repeated loading, and also the conditions

of damage and strengthening are revealed, and on the basis of these

the conditions of equivalency in the case of static and variable

loads are compiled.

A comparison of the results of the statistical processing of

selections with a various number of experimental data showed that

• in this case, Just as in the study of cyclic strength Of metals,

n 20. Confidence intervals differ little from the evaluations

cf Student and the grouping of experimental data corresponds to

normal distribution.
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